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INTRODUCTION
All fields of endeavor go through various stages of
development and progress .

This certainly is as true in

Medicine as it is in the pract ice of Architectural Des i gning, or Metallurgy, or any other ancient field in which
man has struggled to better his present position of success
or failure.

Medicine ' s present day state of progress is

naturally superior in all ways to past practices of this
rt.

Some have termed this the Golden Age of Medicine.

Call it what you will, advances and improvements have come
rapidly in the last 150 years, until Medicine now stands
in a position envied by all other professions as to its
methods and ethics which are envied in the mind of all
other artisans, and as to the faith and good will in the
hearts of all the laiety.

This position has been developed

upon the basis of individual improvements similar to the
one which is the subject of this paper .

Thus we are to look

at one small development among thousands of similar develoJ:rmente in a great age of a great field of endeavor.
an has ever been concious of the advisability of eating, a very basic proposition .

Thus when situations arise

in which food is no longer capable of entering the body in
adequate amounts in the normal manner, we suddenly desire
an alternate route of administration.

To be sure, the

gastrointestinal tract is not the only lumen within the body,
but can other organs be used.

As the various constituents

of food were isolated, it was found that most of them could
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be readily administered directly into the blood stream, if
in the correct form.

But the correct form of fats and

proteins was never found, and although the body can subsist without the intake of fats, intake of proteins is very
essential.

Thus modern medicine has long struggled with the

problem of protein administration by routes other than oral.
Let us look at a history of some of this struggle.
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HISTORY
The history of the study of protein metabolism leading to present day amino acid therapy has been a long and
tedious one.

Other dietary essentials and their role in

body metabolism were developed earlier and have progressed
further than has the subject of proteins.

To demonstra~e

the slow advance made in the last forty years, it is of
interest to note that Loewi was giving pre-digested proteins in the year 1902.

All his digests were given by

mouth at this time, but intravenous alimentation was just
a step away.

(1)

Abderhalden, a prolific German experimenter, did much
of the early research in the study of protein, and as early
as 1909 he reported that nitrogen balance in the dog could
be maintained if pre-digested lean beef was supplied via
the rectum.

The vagaries of colonic absorption often upset

the experiments so that the· feedings could not be depended
upon in case of real need.

It has been mentioned that

Henriques and Andersen attempted giving digested meat products by vein.

(1)

(2)

In the year 1913, Mendel and Lewis

first stated the theory of the protein sparing action of
carbohydrates.

(3)

The next work of any note that was done was the monumental work of Rose done in the years 1932-1938 in which he
determined the essential amino acids, elucidated the role of
threonine, and pointed out the possibilities and advantages
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of maintaining nitrogen balance on a mixture of the essential
amino acids.

(1)

(4)

(5)

(6)

Many experiments were

done at this time with the pure amino acids, but the expense and difficulty in obtaining perfect mixtures ruled
this out as a therapeutic agent.

For this reason Van Slyke,

and later Cox and Mueller worked with amino acids derived
from the acid hydrolysis of casein, and later the enzymatic digests were used.

On this last preparation rats

were maintained in nitrogen balance when fed orally and
produced the same gain in weight as normal casein fed
controls.

(1)

In 1939 Elman and Weiner administered intravenously
an acid hydrolysate of casein to which trYPtophane and
cystine were added.

Humans were maintained in nitrogen

balance on this substance alone (5).

Elman a year later

reported like results using the enzyme hydrolysate in
adults.

(6)

(7)

Shohl, Blackfan, Butler and MacLachan

reported similar work with children.

(1)

Since this date

the reports have come in from all sources in large amounts.
But before reading the results of all these reported cases,
let us look at the literature concerning protein metabolism as a whole, in order to understand and judge the
accuracy of the reports on intravenous nitrogen alimentation.
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CHEMISTRY AND PHYSI OLOGY OF PROTEI NS
Proteins are characterized by the fact that on hydrolysis they yield from 20 to 25 different alpha-amino
acids.

The differences between proteins are largely a

matter of the number, the kind, and the arrangement of such
amino acids within the protein molecule.
The proteins are first hydrolyzed in the digestive
tract into amino acids which are absorbed through the

·

lumen of the small intestine, pass into the portal system,
and thence to the liver.

Some of these amino acids pass

on to the tissues to form tissue protein, others are deaminized .

This process of deamination is one which consists

of the removal of the amino group, and occurs principally
in the liver and kidney.

As a result of this deamination,

the amino groun is split off as ammonia and contributes to
the formation of urea, while the deaminized portion may be
oxidized for the formation of energy, or it may go to the
formation of glucose or a fatty acid.

In the course or

the changes which proteins undergo in the body, some 80%
of the nitrogen belonging to such proteins is excreted in
mammals as urea.

In the normal adult individual, the nitro-

gen intake as represented by the protein intake is approximately equivalent to the nitrogen output as represented
by the excretion of urea and other nitrogenous substances.
The body is said to be in 'nitrogen equilibrium '.

Proteins,
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which axe to undergo the processes of oxidation to energy,
or deamination to the conversion to carbohydrates or fats,
may be divided into two categories;

exogenous or endogen-

ous, depending upon whether the amino acids had their origin as ingested foodstuffs, or the amino acids originated
as tissue protein breakdown products.

Simply, this is a

resume of the facts of protein metabolism.

These addition-

al facts have been culled from experiments involving use
of both amino acids and proteins .
Protein

of all nature, except those circulating in

the blood stream itself, will cause an anaphalactic reaction
in the human body if it is injected intravenously.

In the

gradual hydrolysis of proteins, the breakdown products go
through a series of stages known variously as primary and
secondary proteases, peptones, polypeptides of decreasing
number, (as the tripeptides and dipeptides) and finally
amino acids .

11 of these products when injected intraven-

ously into the human will give an anaphalactic reaction,
until we descend somewhere into the polypeptides .

(2)

Casein hydrolysate is a product which has in it only
amino acids and polypeptides.

It will give no reactions

if administered slowly into the veins.

It will also be

absorbed if given sufficiently dilute subcutaneously. (2)
s would be anticipated from the excellent results
obtained in feeding experiments using casein, the injection
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of casein hydrolysate maintained nitrogen balance when given
in quantities of one gram per kilogram of body weight. (2)
( 8)

(9)

(10).

Orally in children, doubled intake would

give very highly positive nitrogen balances.

(11)

The use of pure crystalline amino acids has been shown
to be adequate for the maintenance of nitrogen equilibrium
if all the dietary essentials are included, but this method
of providing nutrition proves to be very expensive.

(8) (12)

Elman has shown us that amino acids may be used in
order to regenerate serum albumin of dogs rendered hypooroteinemic by means of a severe hemorrhage.

He says a

significant rise occurs within a few hours of the injection
of the amino acids.

He goes on to say that this regener-

ation was small because of two factors.

First, the act of

hem:,rrhage nrobably depleted amino acid stores of the body
which had to be replaced before regeneration could proceed.
Secondly, since the amino acids of casein and of serum
.l..

albumin vary considerably, in that a number of essential
amino acids of albumin are very low in casein, this acts
as a limiting factor in the gram for gram replacement of
.albumin _b y casein amino acids.

(13)

(14)

The disappearance of intravenously injected amino acids
from the circulation is the result of neither their destruction, synthesis, nor chemical incorporation into the
cells protein.

The acids are merely absorbed from the blood
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by the tissues without undergoing any immediate chemical
change.

In the case of the muscles at least, a fairly

definite saturation point exists which acts to set the
limit to the amount of amino acid that can be absorbed.
The amino acids of the blood must be in equilibrium with
that of the tissue, which accounts for any transfer of
amino acids which may occur from organ to organ or from
maternal organs to fetus.

The liver is the organ especially

responsible for the catabolism of those protein digestion
products not utilized for tissue construction.

The amino

acids, with perhaps some peptides, from the intestine enter
the circulation, from which they are altrost immediately
absorbed by the tissues.

The power to take them up from

the blood stream is common to all tissues, but is limited.
The muscles of the dog, for example, reach the saturation
point when they contain about 75 milligrams of amino acid
per 100 grams of tissue.

The liver, however, continually

desaturates itself by metabolizing the amino acids that
it has absorbed, and consequently maintains indefinitely
its power to continue moving them from the circulation, so
long as they do not enter it faster than the liver can
metabolize them.

When the entrace is unnaturally rapid, as

in our injection experiments, or when the liver is sufficiently degenerated as observed clinically in some pathological conditions, the kidney assists in removing the
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amino acids by excreting them unchanged.

Death may result

when the above agencies for preventing undue accumulation
of protein digestion products are overtaxed.

In regards

to the synthesis of tissue proteins, it appears reasonable
to believe that since each tissue has its own store of
amino acids, which it can replenish from the blood, it
uses these to synthesize its own proteins.

(15)

Dogs fed upon glucose alone were checked for nitrogen
loss.

This amount of nitrogen was then exceeded only

slightly in the form of casein digest, and was introduced
into the dog intravenously.

This amount of nitrogen was

sufficient to maintain nitrogen balance, illuetrating a
high degree of nitrogen retention when fed a digest of
casein.

If this was an acid digest without the tryptophane

and cystine sup-.) lement, nitrogen balance could not be achieved, and a la:rge amount of the injected nitrogen would
anpear in the urine.

(16)

It has been seen that the livers of dogs are upset
dfter only one week of a low protein diet, for if a casein
hydrolysate is given intravenously or by gavage, the plasma
is not cleared of the amino acid as rapidly as in the normal
dog.

This dysfunction tends to continue progressively after

the first week.

The retention is probably due to a re-

duced rate of deamination by an impaired liver, as the
intake is the same as before the start of the experiment
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and all the tissues should take up amino a cids from the
blood rather than release them when somewhat depleted
themselves.

Whereas the plasma albumin level may fall

gradually in the hypoproteinemic dog, this is not true of
the amino acid level in the blood, as the latter does not
vary until edema threatens.

Although the amino acids are

retained longer in the blood in these starved dogs, this
does not mean that the kidneys rid the body of the amino
acids, for they are not excreted in increased quantities.
Morphologically changes could be seen in the histiological
examinations of the liver and kidneys after a three week
period of low protein intake.

All this work, done by

Goettsch et al., has led them to propound this theory.
The am ino acids enter the plasma from the digestive tract
and are thence carried to the liver.

The liver deaminizes,

excreting ammonia and urea, or makes more liver tissue.
The muscles loosely store amino acids and release them to
the liver, or build needed tissues directly from them.
This explains why the plasma amino acid will fall normally
to a fasting level 20 minutes aft-er injection, but excretion
of urea above catabolism persists for hours.

In liver

damage this excretion is slower and persists for hours and
amino acids pile up in the plasma.

If carbohydrate and fat

are excluded trom the diet, thus restricting calories,
injection of digest does not show a retention of plasma
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amino acids.

Normally injection of casein digest increases

urea and ammonia excretion, but as hypoproteinemia increases, this injection shows less effect on this excretion,
showing less deamination through lack of ability or due to
a nitrogen preserving campaign.

As urea nitrogen plus

ammonia nitrogen over total nitrogen (urea N plus NH 4 N)
total N
remains constant, although all are decreased, the liver's
ability to form urea and ammonia is not decreased, but the
rate is slowed.

(17)

·Elman (6) one of the first to give amino acids by vein
to a hypoproteinemic animal, found that serum albumin was
regenerated to a greater degree when this route of administration was employed than the oral route.

lmost the

same amount of the nitrogen administered was retained in
both instances.

It was seen that on the average 3.5% of

the nitrogen retained went to the serum proteins, while
the rest, or almost thirty times as much went into the
protein depleted tissues.

Extremely high amounts of pro -

tein (4 grams per kilogram) were. needed in order to obtain
this effect.

It is auite obvious that hypoproteinemia needs

large quantities of proteins.

(18)

Further studies have shown that the hemoglobin of the
blood suffers also.

By

percentage, albumin drops the

most with hemoglobin next and globulin last, but in actual
amounts the hemoglobin loses six times as much as does the
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albumin, while globulin loses but one seventh of the a.Ilk:)unt
that the albumin loses.

The total nitrogen loss is divided

into 20% from the blood and 80% from the body tissues. (19)
Feeding either meat or casein to a dog will raise its
post-absorptive urea and xylose clearance rates.

Thyroxin

or phlorizin to a fasting dog will have the same effect,
which indicates that protein metabolism, whether of the
exogenous or endogenous source, will increase renal function.
On a basal diet with the substitution of glycine, glycylgylcine or alanine for a portion of the carbohydrate - all
caused immediate rise in renal activity, which would therefore
make it anuear that the primary effect of protein upon renal
function is result of the action of the amino acids, or of
the hydroxy acids produced in the course of their metabolism, upon glomerular activity.

(20)

Another question that . is often raised is one of amino
acid storage.

Do the amino acids found in the body tissues

exist as stored nitrogen foods, or are they there as intermediate products in tissue synthesis and breakdown.

In

the former case they would be depleted as time went by on
a starvation schedule,while starvation would not influence
the tissue content in the latter caee.

Using the method he

earlier outlined (21) Van Slyke has demonstrated that the
amino a ci ds present are probably there as the intermediate
products in the construction and breakdown of tissue proteins.
(22)
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It has been shown that whereas the amino acids will be
used in the formation of all proteins of the body, including the globin portion of haemoglob in, the use of globin
will not furnish the bodies needs for protein or for plasma
protein regeneration.
proteins are used.

(23)

Thie is not true when plasma

(12)

Intravenous ce,sein hydrolysate has been used in the
immediate post-operative patient with apparently g;ood
results.

When the patients are afeb:rile , they could be

maintained in nitrogen balance with this as the only source
of nitrogen, but fever, excessive destruction of tissue,
or patients immediately post-operative would always upset
this balance.

Here was demonstraged dramatically the use

of glucose ae a protein saving means.

If no glucose is

given, then nitrogen must be oxidized for energy, and
balance is not easily maintained.
ratio must not be less than 7/3.

The glucose to protein
This protein sparing

action of carbohydrates has been shown before experimentally, but this clinical evidence is even more convincing.
It was found that feb~ile patients could be kept in balance
if the intake of protein and carbohydrate was increased to
four times the basal level.

Basal level was given as Q.5

grams of protein per kilo gram of body weight daily.
(24)

(3)

(25).

Another author has given his version.

It is known that
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there is a la.rge urinary nitrogen loes in patients seen
immediately post-operative , and most of this loss is sustained in the first five days post-operatively .

This loss

is due to a relative starvation and not to fever alone, as
has been shown in an afebrile but starved case compared to
a fed and febrile case.

Both are factors, however, as the

normal nro tein intake in such cases is very high, and the
starvation is relative to this (25) Intravenous proteins
a~d carbohydrates can retain nitrogen balance as was shown
in one patient for a period of 18 days, with a resulting
net nitrogen gain, but occlusion of all superficial veins
resulted.

( 18)

Jones and Eaton further elucidate the surgical prob lem
by bringing out the fact that so many of these patients are
undernourished before operation due to many ca~ees such
as malignancy, obstruction, poor diet, etc.

Aleo vomit-

ing and loss of appetite must be considered.

They state

that if the natient is edematous before the operation, the
natient will always be edematous for long periods of time
afterwards.

Listing the factors Which have an influence,

we have excess fluid intake, excess salt intake, profuse
surgical drainage, loss of serum by hemorrhage, base retention due to temporary disturbance of renal function,
and the general effects of sepsis, this last having been
,,;

noted before .

There is the possibility of edema even with
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normal serum proteins, but this is unusual.

11

The possib-

ility of a nutritional edema of the intestinal wall as a
cause of a poorly functioning gastro-enterostomy 11

-

was

suggested as the reason for the performance of prelimina:ry jejunostomy for feeding in patients who are obviously
undernourished and require gastric surgical procedure.(26)
As to the reactions often seen with the administration
of casein digests, Hopps and Campbell believe that histamine substances, peptones, or tyramine may be present,
as deduced from the re actions of smooth muscle strips
to the digests.

As to acid-base balance upset, it is

believed that if the liver is in good Ct>ndi tion, the
amino acids will be conjugated rapidly enough so that
there will not be any acidosis .

It is suggested, how-

ever, that any upset in liver function, which would upset
the powers of amino acid conjugation might possib ly lend
to a condition of acidosis.

(27)

It is of interest to know that the early Amigen products caused many severe reactions, but improvements in
technique have got rid of almost all reports of reactions.
(11)

Plasma protein may also be used in the maintenance
of nitrogen balance by intravenous injection in the human,
but large quantities are needed to supply the necessary
one gram of protein per kilogram of body weight per day.

_,
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This amount would come to iil'ound 1000 cc. daily , Which
might be difficult and expensive to obtain .

(12)

Whipp le gave his theory of the formation and use of
the plasma proteins as follows:
accepted and will be quoted here.

This theory is generally
The food proteins yield

the amino acids absorbed from the intestinal tract and the
amino acids are synthesized in the liver and elsewhere
into plasma proteins.

These plasma proteins and amino

acids supply the protein requirements of the body cells.
Normally there is a considerable reserve of plasma protein
forming material in the cells of the body, which amount
equals one to five times the normal circulating mass.

If

this mass is depleted by fasting , low protein diet, or
plasma-pheresis, the reserves are opening the body to infection and intoxication through lowered body resistance.
These body protein stores , protein production , and protein
wear and tear are in a nicely balanced or steady state, a
dynamic equilibruim.

These proteins, can pass readily from

plasma into cells and the reverse, without loss of nitrogen.
Hemoglobin in its production may draw on the plasma protein,
but the hemoglobin stands apart in the protein economy and
does not contribute freely to the protein pool .

On the other

hand, the body guards jealously the fabrication of hemoglobin and given a real need for hemoglobin and plasma
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protein, the flow of plasma favors the formation of hemoglobin.

(28)
man weighing 70 kilograms has 150 grams of aJ.bumin

circulating in his blood stream.
grams or less.

With edema he has 90

To supply this deficit alone, 1400 cc.

or serum or three liters of blood need be used, which
would of course increase the blood volume and thus need
extra albumin .
still down.

lso the r,eserve supply of proteins is

A study has therefore been made to determine

just how the edematous patient would react to serum transfusions.

The experiments were performed upon dogs, ex-

hibiting serum albumin deficits produced by protein starvation.

They indicate that transfusion with normal dog

serum is followed by an immediate rise in the concentration of serum albumin and usually by a fall in the
concentration of the plasma globulin.

\•hen the results

are expressed as total circulating protein rather than
concentrations, it is seen that both albumin and globulin are increased by the procedure .

Assuming that we know

the correct figures for the blood volume, it is shown
that some proteins injected are lost and an additional
amunt of water is drawn from the tissues.

(29)

(30)

Evidence has been given that the dog may be maintained
by means of the injection of normal dog serum, but injected
horse serum cannot be used in the dog.

(31)

(32)

(33) (34)
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The dog plasma proteins must be in a dynamic equilibrium
with body proteins, or this maintenance would be impossible.
This equilibrium is probably an enzyme action, as cleavage
does not go to the amino acid stage.

If it did, nitrogen

excretion would be increased, but if the change in protein
identity was the work of enzyme action, no nitrogen increase would be seen, and this latter is the true state
of affairs.

(35)

uto-intoxication with this injection

has been reported, but adequate carbohydrates will counteract this intoxication.

(2)

Work has shown that sterile turpentine abscesses
will cause a diminution of plasma protein production.
There is still a question as to whether the proteins were
used to repair the abscess, or whether the plasma protein
formers were intoxicated.

(36)

Abscess intoxication is

possible as occurs in hemoglobin formation, which process
"hipple has proven previously.

(37)

The reserve stores of proteins have been expended
by continued plasma-pheresis in the dog until such a stage
has been reached in Which the depleted animal could form
little if any ulasma proteins as long as it was kept' on
a protein free diet.

This condition is very definite and

has been mentioned by various authors.
(38)

(18)

(34)

(35)
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Proteins are believed to have a very beneficial
effect on the liver, and seem to protect the liver from
various types of intoxications.

Ravdin and cohorts found

that the livers of dogs with the common and cystic bile
ducte ligated rapidly increased in fat content.

However,

a diet of high c~rbohydrate and high protein reduced this
fat content rapidly, leading to protection of the liver
from volatile anesthetics and other hepatotoxins.

(39)

In the condition of nephrosis it has been noted that
the amino acid content of the blood is consistently decreased.

Whenever a nephrotic crises is approached, there is

a sudden immense decrease in the blood amino acid content.
It has now developed as a question whether therapy of
this condition might not revolve around the administration
of amino acids intravenously in order to fight this hypoaminoacidemia.

The first determination involved the amount

of amino acids excreted in the urine after administration
intravenously in nephrotic children.

It was found to be

not more than 1% lost in the urine when 5 grams were injected, Which amount is truly insignificant.

(40)

It

is true that this amount injected is small in relation
to some needs, but the trend would seem to be towards a
small loss.
The source of the proteins lost in a hypoproteinemic
animal has been a subject of interest and discussion.

Work
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has shown that the various organs vary in the percentage
of protein lost and the percentuge of the total body
proteins lost.

Thus the liver was seen to lose 40% of

its original protein in one series of cases, this amount
eaualing 16% of the total proteins lost .

The prostate

and seminal vesicles lost 29% of their total proteins, but
'

this equalled only a small proportion of the proteins lost.
The muscles skin and skeleton

contributed 62% of the total

proteins lost, but due to thei~ large percent of the total
weight, this equalled only 8% of their total protein.
brain lost 5% of its total proteins.

(19)

(41)

The

(42)

These works show that the liver is a potential storehouse
for excess protein stores which may be used in time of
need, and gives up its stores readily, but the other body
tissues contain a greater amount.
ttith the aid of intestinal intubation, the rates of
absorbtion of food products from the intestine have been
determined.

Would it be possible to feed hydrolyzed

casein to a patient and get a more rapid absorbtion resulting in quicker resnonse to food ingestion and the ability
to feed more foodstuffs?

The casein digest was found to

be absorbed from the small intestine two to three times
as fast as a casein and gelatin control mixture.

This

does not surprise us fer the hydrolyzed casein has already

21
undergone the nrocess that generally ta.lees place in the
etomach and intestine.

(43)

10% solution is most rapid-

ly absorbed and above this it needs dilution before absorbtion can occur.
aid in dilution.

Gastric, bile and pancreatic juices

(44)

n interesting finding, and a theory to explain it
has been reported by Cowgill, et al.

With a basal diet

containing no proteins, serum protein regeneration equals
20% to 30% of normal serum protein, never attaining normal
levels.

In f a sting, serum proteins rise to normal levels

after a very slight delay.
action is as follows:

The theory for this strange

Protein catabolites will reform

serum proteins, but a high caloric, non-protein diet does
not allow the formation of protein catabolites, for few
proteins need be broken down, as all the energy for the
body is being furnished by the carbohydrates.

Fasting

or a protein diet allows catabolites or ingestion of amino
acids and simple polypeptides.

(38)

To continue with the physiological basis and further
exnlanation of protein metabolism, the effects of hypoproteinemia upon the body will be discussed.
where in hypoproteinemia does edema begin]

For instance,
The wording of

the question almost explains the present conception of a
margin of safety in hypoproteinemia, ~eyond which the
nroteins must drop in order to get fluid retention in the
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tissues.

This belief is a fallacy, for there is a grad-

ual retention of fluids from the beginning of hypoproteinemia and progresses in direct proportion to the
protein depletion.

These studies were based on a cor-

relation of palpable edema, weight curves, and protein
level studies.

Sodium, nitrogen, and chloride retention

studies corroborate.

As for palpable edema in relation

to hypoproteinemia, this varies with the patient, but
will always fall within certain limits, i.e., it will
always be seen if the albumin level is less than one gram
percent, and it will never be palpab le if the albumin
level is above two gram percent .

It has been found that

hypoproteinemic edema Will occur at a higher serum albumin
concentration if the depletion has been effected by a lack
of nroteins in the diet than if the depletion has been
effected

by

plasm.:;pheresis.

Explanations vary from the

thought that perhaps the albumin/globulin ratios vary in
the two conditions, to the idea that the interstitial
spaces lose their elasticity or ability to withstand
distension as a result of longstanding malnutrition, and
thus absorb fluid readily.
statement has been given .

And then to be mysterious, this
11

It is further admitted that we

believe an unknown factor is thrown in by plasmapheresis
in the process of edema formation not seen in nutritional
edema. 11

The specific gr avity of subcutaneous edema fluid
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is about 0.10 - Q.35, varying but little in plaemapheresis
and nutritional induced edema.

Plasma specific gravity

follows total plasma proteins and has no correlation with
edema.

(45)

Koster and Shapiro have published facts considering
the amounts of hypoproteinemia seen in patients with wound
disruption and deep infection of the wounds postoperative.
In their conclusion they state that in general such patients showed lower values for total protein and oncotic
pressure in the serum.

This was due mainly to a lowering

of the albumin fraction.

Their reservation seen in the

statement in general shows that hypoproteinemia is not a
.

.

necessary factor or the lone factor causing wound disruption, but it does favor the occurrence.

In the case

of deep wound infection, some people might think this to
be a cause, and not a result of the h~poproteinemia, but
these authors have not stuck their necks out.

(15)

Other authors (20) have shown that the tensile
strength of catgut was decreased rapidly associated with
hypoproteinemia, and wound healing was slowed.

The sug-

gestion was made that non-absorbable retention sutures in
all hypoproteinemic patients might result in fewer wound
disruptions.

The increase in infections around the wound

site was noted and was given as a possible cause for the
loss in tensile strength of the catgut.

Restoration of
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serum nroteine by means of injection of lyophilized serum
or plasma was suggested.

(47)
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THE ESSi:NTIAL .AMINO ACIDS
The product used in all these experiments is one
comoosed chiefly of amino acids.

Thus we should have a

brief working knowledge of those acids deemed essential
to life, so that we can compare these with the ones
supplied by the material in question.
Whenever the subject of amino acids is raised in a
discussion the initial statements of fact should be
derived immediately from the monumental work done by
Rose in the years 1932 to 1938.

Rose was the first

investigator to use the crystalline amino acids as a
diet to determine the moeity necessary to maintain life in
the otherwise amino acid deprived animal.

The essential

facts that we glean from his article in the Physiological
Revue of 1938 are as follows:

First, all the common pro-

teins are made of only twenty-two of the common amino
acids, all of which are released in the digestive tract
and absorbed as such into the blood stream, to be used in
synthesis and as energy.

He sets forth an allegorical

example by comparing the innumerable word combinations
~ossible with our twenty-six letter alphabet and the
number of protein comnositions possible with these twentytwo amino acids.

Some proteins are very deficient in

certain amino acids - proteins such as gelatin and gliadin and zein.

Feeding these foods has shown that a diet
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deficient in lysine Will not support growth, while one
lacking in tryptophane Will not support a positive nitrogen
balance.

Rose states that al though casein is not lacking

in cystine completely, it is of a very low percentage .
He states that a 9% casein diet will not be adequate for

normal growth, cystine alone holding it back.

If cystine

is added to this diet, growth is once more restored to a
normal basis.

If methionine is added to this diet in

adequate amounts, the cystine may be dispensed with
comoletely, showing the dispensability of cystine depending upon the presence of methionine.
uation is not true.

The reverse sit-

Even with large arrx:,unts of cystine

present in the diet, minima l amounts of methionine must
be uresent for adequate growth.

also arginine and hist-

idine a:re considered disuensable, but perhaps the one can
be converted into the other, as the synthesis of arginine
in rats has been proven by Rose and Stull.

Because of

these findings, Rose has erected postulates for the determination of the indispensability of amino acids as dtd
Koch for the proof of the individuality of a bacterium.
Rose states thusly:

11

If animals are deprived of a given

amino acid and experience a nutritive failure which is
relieved by the administration of the missing dietary
component, the interpretation of the finding is obvious.
On the other hand, it is not possible to draw final de-
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ductions from the results of studies in which the supposed
removal of the amino acid fails to inhibit growth.

He-

moval has been inadequate, and often only a trace is
sufficient.:i

To determine actual indispensability, a

mixture of all the amino acids of casein was concocted,
omitting only citrulline and hydroxyglutamic acid -two known dispensables.

In many previous experiments

it was seen that the test animals seemed to lose their
appetites, and Rose did not believe that it was due to
the palatability of the mixture.

He believed instead that

it might have been due to the lack of some essential amino
acid, which theory eventually proved correct, the amino
acid being d(-)threonine.

With this complete diet Rose

gradually eliminated the various amino acids.
his conclusions.

These are

The essential amino acids are trypto-

uhane, lysine, histidine, phenylalanine, leucine, isoleucine, threonine, methionine, valine, and arginine.
The la.et named is thought to be 70% synthesized in the
body, but supplementation is necessary.

s

to optical

isomers, 1-tryptophane, 1-histidine, 1-phenylalanine, and

1-methionine can all be xeplaced by their antipodes.
However, only the natural forms of valine, leucine, ieoleucine, lysine, and threonine are available for the uses
of the growing organism.
series.

(4)

Arginine was not studied in this
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Madden and associ~tes bring out the belief that
cystine and tyrosine are more important than methionine
and phenylalanine.

Rose contended otherwise, judging

by body protein replacement and growth.

Madden baees his

contention on ex~eriments in plasma·protein regeneration,
but goes on to state that plasma proteins can replace the
protein wear and tear of the body, and in this sense is
activ~ in nutrition.
Rose also said that valine was indispensable.

These

authors do not believe this in relation to plasma protein
production.

Introduction of single amino acids to basal

diets in dogs created hypoproteinemic by plasmanheresis,
such as cystine, tyrosine, tryptophane, or the last two
together, had no effect on plasma protein regeneration.
Gelatine and cystine plus tryptophane or tyrosine gives
a potent combination .

The conclusion is thus easily

reached that these last three named are potent producers
of plasma protein in the body.

(34)

Madd en and associates also ma~e the statement that
the amino acids best used for plasma protein formation
may ·not be best for total body growth.

They have noted

that cystine for plasma protein formation and methionine
for body growth are the best sulphur-bearing amino acids
for those jobs.

They mention that although certain amino

acids are not absolutely essential in that the body can
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synthesize them, it does so only very slowly, and the
production of protein is then limited by this factor.
With the administration of this amino acid , the body is
not so hindered.

Oystine is probably such an amino ac id.

Their experiments show that on a basal liver diet, the
addition of zein does not intensify plasma protein pro duction, while zein plus cystine, tryptophane, lysine and
glycine doubled the plasma protein production of the basal
diet.

Threonine did not modify this action .

Liver plus

cystine, leucine, glutamic acid and glycine are twice as
effective as liver alone .

Tyrosine, lysine, arginine,

or isoleucine do not help this combination.

Methionine

could not stack up besides cystine as a supplement to
gelatin and tyrosine.

The conclusions finally drawn say

that cystine, leucine, and glutamic acid are of prime
importance in the formation of plasma proteins .

( 54:)

Growth in mice was maintained on pure crystalline
amino acid mixtures .

The .amino acids and the forms

utilized were as follows:
glycine

dl alamine

dl serine

dl Valine

dl leucine

dl isoleucine

dl norleucine

1(-)cystine

dl methionine

1 (-)pro line

1(-)hydroxyuroline

1(-)aspartic acid

31

dl phenylalanine

1 {-)tyrosine

1(+ ) arginine HCl

1(-)histidine HCl

1(+ ) lysine HCl

1(-)tryptophane

dl threonine

1(+ ) glutamic acid

In the case of phenylabline and methionine, both optical
forms could be utilized.

However only the natural forms

of valine, leucine, isoleucine, and threonine could be
utilized by the mice for growth.

rginine could b~ ex-

eluded from the diet without effect on the growth.

Only

slow growth obtained when lysine, tryptophane, histidine,
and the seven previously mentioned amino acids were in-

cluded in the diet.

Thus no amino acid beyond these could

be absolutely essential.

(48)

Cystine has been noted in numerous articles as one
of the more essential

II

essential" amino acids.

•Yhipple

states that cystine is the key amino acid in plasma protein production.

This is interesting when we review the

approximate percentage of cystine in casein, which comes
to

0-3%.

Many judge this to be too low and advocate the

fortification of all amino acid compounds with addi ti~:,nal
cystine, usually placed at about 1%.

(49).

The indis-

pensability of the essential amino acid cystine in all
amino acid mixtures is brought out once more by Madden,
et al.

( 35)

Elman notes that if the tryptonhane destroyed in the
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acid hydrolysis of casein is not replaced, and if the
small amount of cystine in the casein is not supplemented,
nitrogen balance by means of an intravenous acid casein
hydrolysate is not possible.

In fact, large amounts of

amino acids are lost in the urine with such a diet.
Corbould, Clark, and McKechnie saw the same result with
the peritoneal injection of the acid hydrolysate if
tryptophane was not added.

(16)

Proving the worth of tryptophane, Cox and Mueller,
of Mead Johnson and Co. research l~boratories, fed rats
on casein, enzymatic digest of casein, and acid digest of
casein, the last named diet being deficient in tryptophane.
The first two diets maintained a positive nitrogen balance,
whereas the last named could not.

If tryptophane was

given as a supplement to the acid hydrolysis, nitrogen
balance of a similar magnitude was maintained.

(9)

though not always considered one of the·essentiaJ.
amino acids, arginine must be included in a diet of amino
acids in order to attain maximum rates of growth .

This

does not prove that the body does not synthesize it, but
more adequate amounts could be used by the body.

(50)

Elman notices that dogs rendered hypoproteinemic
by severe hemorrhage showed some regeneration of the serum
protein several hours after the intravenous injection of
a mixture of amino acids derived from the hydrolysis of
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casein.

He brought out at this time the fact that the

amino acid content of serum and of casein varied considerably, and that a number of essential amino acids of
albumin are very low in casein, which act as a limiting
factor in the gram for gram replacement of albumin by
casein amino acids.

(13)

Shohl and Blackfan compared a casein hydrolysate
with the crystalline amino acids as regards the reactio~s
of the hu~an body to the intravenous injections, and the
maintenance of growth.

It was found that both solutions

gave reactions of equal degree, which would tend to
disrupt the theo~y of the polypeptides in the hydrolysate
being the agent of the reactions.

It is probably merely

an inability of the liver to conjugate as rapidly as the
amino acids can be injected.

As for nitrogen balance, both

mixtures maintained nitrogen balance to an equal degree.
The amino acid mixture used was composed of all the amino
acids normally found in casein except for hydroxyglutamic
acid, although glutamic acid was included.

(8)

For the sake of comparison, the list of the amino

acide of casein is given with each acid's percent of the
total:
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Glycine

Q.4

Alanine

1.8

Serine

o.5

Valine

5.2

Leucine
Iso-leucine

14.8

Tyrosine

5.2

Phenylalanine

5.8

Cystine

Q.3

Tryptophane

1.2

Proline

8.0

Hydroxyproline

0.2

spartic Acid

4.1

Glutamic Acid

21.a

Hydroxyglutamic Acid

10.5

Histidine

la9

.inginine

5.2

Lysine

5.9

..Jethionine

3.1

Threonine

4.6

AMINO

~crn

CONTENT OF OaSEIN A000rlDI.NG TO MOST
RECENT DATA

(61) (62)
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SUPPLEkE:NT

lthough there may be but ten essential amino acids,

we must not lose sight of the fact that for complete
body needs all twenty two amino acids as found in natural
foods is necessary.
Recent work has shown that oral feeding experiments
are not always accurate, due to the intervention of actively synthesizing bacteria in the intestinal tract.
Succinylsulphathiazole in the diet has slowed their activity and growth in rats was restrained.
igation is being done.

(75)

Further invest-
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CASEIN VERSUS OTHER PROTEINS
All of the work to date that has been done on the
intravenous injection of nitrogen products has used the
hydrolyeate of casein as its source material.

Why hae

this material been used in preference to all othersl

Is

it the only possible material that can be hydrolyzed to
amino acids, or in what way has it shown itself to be more
effective?
Portions of this question are easily answered.

As

we all know replacement therapy is of the greatest benefit
in anemic or in hypoproteinemic conditions, but this is
both expensive and occasionally impossible, except as
emergency measures where the expense of items should be
ignored.

As to the percentage of the essential amino

acids, chemical analysis has shown that casein is adequate.

All authorities will agree to the availability of

the raw material in the case of casein, which is a point
in its favor.

What has the clinical aspect proven in the

problem of casein compared to other proteins?

Let us look

at the record.
As far back as the yeax 1909 nitrogen balance was
maintained with the administration of digested lean beef
given rectally.

Pure amino acids did the same when given

by rectum in the year 1937.

Later the amino acids were

given intravenously, and nitrogen balance was maintained
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this way also.

(2)

In experimentally produced, fatal,

surgical 8hock, brought about by severe hemorrhage, a
definite therapeutic effect was achieved by the administration of a casein hydrolysate, whereas, though a
theraueutic effect was seen with the administration of a
'
similar moeity of crystalline amino acids, the effect

was not a s ur onounced as with the use of the casefn hydro-1yeate.

The reasons offered vary.

One is that there

probably exists a different ratio between the amino acids
of the mixtures administered.

Another is that there is

a difference because of the presence of the polypeptides
in the casein digest.

(51)

However, Blackfan used both the crystalline amino
acids and the casein hydrolysate intravenously and got
equal nitrogen balances when equal amounts of the two
materials were given.

He was working with normal infants.

Also, the reactions sometimes seen would occur equally
with pure amino acids and the hydrolysate.

(8)

"hen the efficiency of casein, lactalbumin, and
serum protein, all to be fed by mouth, were compared as
regarded their use as a material for the formation of
plasma proteins, the plasma proteins won out.

The differ-

ence between the three proteins, however, was regarded
as insignificant.

(38)

/hen we compare liver and casein as to its capabil-
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i ties as a plasma protein producer, we find that they
va:ry only in that the liver may regenerate the albumin
fraction faster than it does the globulin fraction.
This may be viewed as an advantage by some, but is truly
of little importance.

( 52)

Gel&tin of itself is a very poor material to be used
as a foodstuff if regeneration of plasma proteins is
desired.

If, however, it is suoplemented with cystine and

tyrosine, it will be seen to act as effectively as beef
serum in building plasma protein.

The proteins of laked

red blood cells, in comparison with serum proteins, is very
poor when used as a food for the regeneration of plasma
proteins.

(34)

Beef serum is always seen to rank high

in effectivenes~ when judged in this respect, and the only
material seen to equal it is egg white, with no actual
difference between them.

Casein is said to rank equally

with beef muscle and beer liver.

Weech and Goettsch bring

out a term defined as the biological value of a food, which
refers to the percentage extent to which the digestible
protein of the food meets the requirements of the body.
Utilization also depends upon digestibility.

Then they say

that all protein foods show a close relationship between
the biological value of the food and its ability to regenerate plasma proteins, except in the case of beef serum
which is nil in biological value, but highest in ability
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to regenerate the plasma proteins .

(53)

Others doing work with beef serum , beef muscle, and
casein have reported that the beef serum has the highest
rating in plasma protein formation, but that the casein
can not equal beef muscle in this respect, as was reported before.

Casein in this report is noted as being only

50% as effective.

(55)

re the casein hydrolysates as effective in the maintenance of nitrogen balance as was the original product ,
casein.

Nitrogen balance studies of four healthy men

show that the minimum requirement of an enzymatic hydrolysate for maintenance is between 0.4 and 0.7 grams per
kilo of body weight.

This indicates that it has approxi-

mate equivalence with the intact protein for maintenance,
since maintenance levels of the latter are usually regarded as between Q.5 and Q.7 grams per kilogram of body
weight.

Naturally, all this food was given orally.

(9)

{ffi)

,fork on rats has shown that casein is probably the
best nutritional food when compared to enzymatic digest
of casein, acid digest of casein, and a mixture of essential amino acids, which rated second, third, and last ,
respectively.

Perhaps the amino acids are inadequate

nutritionally because of the unnatural forms of certain
amino acids.

It is also suggested that the enzymatic
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digest excels the other digest somewhat because of a
15% moiety of pancreati c protains used in the preparat ion o_f the material.

(50)

s for the use of pancreatic proteins, the only published material available stated only that on a diet fed
'ad libitum 1 to rats, consisting either of pancreas protein or other material tested, of Which there was a wide
selection, the rats ate more of the pancreas protein than
any other, with casein second best.

The weights gained

varied with the amounts eaten, for the gain per gram of
food fed was essentially equal in both cases.

(57)

Oral whole liver, oral casein digest, and intravenous
casein digest are found to have equal effectiveness in
ulasma production if given in equal amounts .

(18)

(58)

( 59).

There has been a suggestion by Hopps and Campbell
that perhaps the acid hydrolysis of casein has histaminelike eubstancee, peptones, or tyramine in its make-up
which might percipitate a reaction in the body, whereas
the enzymatic digest does not have these substances.
This assumption has come following work with smooth muscle
strips immersed in the various solutions.

(27)

~hipple has lieted in decreasing order of effectiveness at serum regeneration these protein sources:
Beef serum, egg white, beef chuck, beef liver, caeein, and
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gelatin, with the greatest variation occurring between
the egg white and the beef chuck.

(59 )

In opposition to these reports, Cox, ct al report
that casein hydrolysate excels in serum regeneration when
compared to hydrolyzed beef plasma nroteins and hydrolyzed
lactalbumin.

(76)

In personal communications, Cox has gone on to site
an article by Stare ~nd coworkers (79) in which c asein
is reported to have sunoorted growth in the experimental
animal better than dried human nlasma.
and great signifi cance if true.

This is of interest

Cox goes on to state that

he possesees unpublish~d evidence that whole dried beef
blood is not as good as casein for growth . /He thus comuures c as ein to all reportedly superior nroteins excent
egg albumin .
Acacia has been advocated in the past in the use of
an intravenous injection to combat shock and hypoproteinemia in general .

It is true that the acacia will restore

the oncotic ~reesure of the plasma proteins, which will
restore many functions upeet by the hypoproteinemia, but
the acacia can never be utilized by the body in metabolism.

Histologically the acacia is seen to be stored in

the liver cells, which might result in liver embarrassment .
Thus acacia c an be written off as an adjuvant in the therapy
of chronic hypoproteinemia.
I

(60)
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In conclusion, it is seen that casein i e regarded
highly as a protein, but i s exceeded in serum regeneration by other proteins as reported by most workers , exceeded especially by dried serum itself.

Thus it would

seem that the rr~eity of amino acids afforded by this
:protein would make a superior therapeutic agent , baring
technice,l difficulties in the nreparation of the substance .

Cox and coworkers believe in casein due to

two points :

1.

Its availability - 2.

ported superiority .

Its recently re-
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PREPl\RATIO N - DESCRIPTION - ADMI NI STRAT IO N
as is pointed rut by Mueller, Cox, et.al., the amino
acid pr epar a tions are ad'equate if t he r e is no deficiency
in any of the essential ami~o acids and all toxic byproducts of protein hydrolysis are absent.

Mueller re-

ports the preparation of a good easel~ digest as follows:
axefully washed casein, to remove all residual milk salts,
lactose and lactalbumin, is digested with fresh pancreatic
extract until the amino acid content showed no further increase, at which time action was stopped.

It is true

that this method does not result in a complete digestion of
all proteins down to the leve1. of their component amino
acids, as total nitrogen content was 12.54% and the amino
acid nitrogen equalled only 10.51 percent .

But in spite

of this no chemical protein tests were positive, save for
· a slight biuret reaction, and sensitization or shock on
already sensitized mice was not elicited.

This leads to the

assumption that the nitrogen products not in the form of
amino acids were represented by forms of the lower peptides.
This account is essentially the outline for the preparation
of the com~ercially prepared enzymatic casein hydrolysis,
Amigen.

The preparation of the acid hydrolysate is done

in a very similar manner, with the digestion talcing place
under the influence of hydrochloric and sulphuric acids
and heat.

This reaction is stopped when hydrolysis is
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complete, and the acids must then be neutralized.

This

react1on tends to destroy all of the tryptophane of the
casein, so this element must be added in the pure crystalline form to replenish its sunuly, usually in amount of
about 1~.

( 59)

Robert Elman describes his method of preparation of
.n.migen powder, and his technique of administration.

The

Amigen is dissolved in sterile water to a concentration
of about 10 percent, then heated to 90 degrees centigrade .
It is then nassed through a sterile Seitz (EK) filter to
remove all undissolved particles, and added to a 10%
glucose solution in the proportions desired.

This is all

carried out under aseptic conditions, especially after
the heating process is completed.

Any added electrolytes

may now be incorporated into the solution.

For daily ad-

ministration, ~lman recommends about 9 . 5 grams of nitrogen,
which is equivalent, in regards to protein nitrogen, to
about 300 grams, or 3/4 pounds of beef.

(7)

Recent work byCo JTui and A. M. wright, has shown the
usefulness of an adsorbtion filter for the removal of
pyrogenic material from intravenous solutions, but as
they indicate this method is good only for crystalloid
materials, and is ineffective with colloid materials;
actual trial with Ami 6en has yet to be done.

(61)

The nrodu~t Amigen cannot be left exposed to the air
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for any length of t ime, for it cakes in time into a mass
which is difficult to dissolve .

Thus solution should be

achieved within a few hours of the time the powder is
first opened.

a cloudy appearance of the solution is

interureted as contamination, and the solution should
be discarded .

The solution may be mixed without fear

with a solution of glucose, thiamine chloride, nicotinic
acid, ascorbic acid, and 0.8% sulfanilamide, but 1%
sulphapyridine or sulfathiazole solutions precipitate
the mixture, which then cannot be used.

(1)

s the reader will well remember from studies in bio~hemistry, the amino acids, as well as other organic compounds, are chemically constructed as three dimensional
figures, not as the plane figures conventionally written
on paper, and as such, there are various forms of the
acid called isomers and dextro and levo forms, or d and 1 - forms .

The question arose as to whether one form

or the other was the more advantageous when used to supply
the biological necessities' of the amino acids.

If such

ehould be the case, perhaps certain foods and methods of
preparation should be discovered which could better fulfill these requirements.

However, it has been found, by

actual feeding of the various types of amino acids, that
one fol'm does not hold any superiority over any other form,
according to this author.

(23)
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On the opposite side of the argument, we find this
re,ort given:

When a diet of essential amino acids in the

crystalline form is fed it is shown to be inferior from a
nutritional point of view compared With casein or its
hydrolysates.

This article attempts to exnlain this by

saying the toxic effects of unnatural forms of amino acids
that cannot be utilized are responsible.

as to the

occasionally observed superiority of an enzymatic digest
over the acid hydrolysate, there has been advanced the
exulanation that perhaps the 15% moiety of pancreatic
proteins used in the preparation of the enzymatic hydrolysate lends some nutritional advantage.

(50)

The administration of the amino acid solutions often
leads to reactions of varied severity, depending upon the
rate of administration quite often.

Honns and Campbell of

the University of Chicago attempted to determine the reasons
for this.

As had already been demonstrated, the amino-

acid preparations, whether the acid hydrolysate or the
enzymatic hydrolysate, are not antigenic or anaphalactic.
However, it a~pears that some H - substances are probably
present in these solutions, due to the reactions observed
when smooth muscle stips were immersed in these solutions.
It is suggested that perhaps some H - substance~ peptones,
or tyramine might be present, which could easily account
for the frequently observed reactions of flushing, warmth
and nausea in the intravenous injections.

Liver functions
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may influeme this, for if it can rapidly conjugate the
amino acids , the toxic prouorti~s - are probably avoided,
while decreased liver functions could not do this.

The

statement is made that "biologic speciation in most instances is due to the prosthetic group attached to the
protein.

Most proteins shown to be antigenic substances

are despeciated by enzymatic hydrolysis. 11
neutralization of Amigen by the same authors caused
a precipitation and a reaction to sensatized muscle preparations.

( 27)

That Elman was the first to administer an amino acid
intravenously is noted and the composition of this early
material was that of a casein acid hydrolysate with 1.0%
tryptophane and 1.5% cystine added, giving 7 grams of amino
acid nitrogen in each 100 cc.

Elman had a three fold

uurpose in administering this fluid parenterally.

The

first was to determine whether such injections could not
be made without inducing reactions; the second was the
determination of the best parenteral route; and the third
as an attempt to help maintain the nitrogen mlance of the
body by thie method of assimi l at ion.
all quite informative.

His results were

On the first po int, that of in-

jection reactions, he found reactions were not necessary
if the material was administered at the rate of around

-

1000 cc in 4 hours;a faster injection . rate might lead to
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reactions.

Sub-cutaneous injections were also efficient;

although the concentration administered would not be as
high.

Thus his second point, method of administration ,

was answered best by slow intravenous drip, but was also
effi c ient sub-cutaneously in less concentrated solutions
if the former method was not feasible.

As to the third

point, i. e-., the maintenance of nitrogen equilibrium,
he found that 1 gram of nitrogen per kilogram of body
weight per day was sufficient assimilation to maintain
nitrogen equilibrium, even when 2/3 of the daily intake
was administered parenterally.

(2)

The opinion has been expressed that the need of slow
intravenous administration would not leave enough time in
one day to administer enough nitrogen for nitrogen balance,
or that after several such injections the superficial veins
would be occluded and such therapy would soon have to be
discontinued.

This is all partially, not wholly, true.

One patient has been renorted who . was maintained on nothing
but carbohydrates, amino acids, salts and water administered
intravenously for 1~ days.

It is true that all the

superficial veins were occluded at this time, but 18 days
is generally considered to be an adequate period of time
for this temporary therapy.

Not only was the nitrogen

balanced maintained in the above cited case, but there was
an actual net positive nitrogen balance.

(25)
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This occlusion of veins upon the administration of
amino acid solutions intravenously has be~n noted by
numerous investigators, the majority believing that aminoac id s hasten this occlusion by phlebitis over the rate
seen with carbohydrate or saline solutions given intravenously.

Elman et.al. checked this in 1943 in which

they first proposed a method of evaluating the amount
of nhlebiti~ produced by various intravenous injections.
This was checked primarily by histological microscopic
examinations.

One of the findings was that phlebitis was

cuite nronounced following a three hour intravenous injection of a 2½% amino acid - 10% glucose solution, which
was due, not to the presence of the amino acids, but rather
to the hypertonicity of the solution, inasmuch as equal
changes were found following a similar period of injection
of a 13% glucose solution, which solution is isotonic
with the first solution administered.

Less pronounced

changes occurred with more hypotonic solutions of either
glucose or amino a cids, or the two combined.

Acid solutions

tend to produce more phlebitis than do neutral solutions
as was shown by comparing the damage Produced by a 7.5%
solution of Amigen at a pH of 4 . 6 with the same solution
neutralized to a pH of 7.4.

They also stated that probab-

ly the size of the needle used for the injection plays
an important part in thrombus formation, although they
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believed, logically, that this factor is undoubtedly
associated with the relative calibre of the veins.

All

of this study was made upon 10 kilogram dogs with the
solutions running at the rate of 6 cubic centimeters
per kilogram per hour, which the authors stated was
about the clinical rate.

1vhether this is true or not

makes but little difference, for all tests were r..un
under this same condition.

Some very interesting find-

ings were noted, such as the fact that the injury was
greatest where the point of the needle had rested within the vein.

~1so histiologic changes were evident not

only in the intimal layer of the vein, but also in the
media and the adventitia, all of which were judged in the
grading of the phlebitic reaction.

Amigen was the amino

acid solution used throughout , and a 2.7~c to 3.0% solution
is said to be isotonic with body fluids.

(62)

ddministration is said to be absolutely contraindicated in cases in Which icterus or marked liver damage
is present as ascertained by aupropriate liver tests.
Yet it t-vould be advanta 6eous to maintain an adequate
plasma protein level, for it is known that the liver needs
urotein for use in detoxification.

Thu~ the intravenous

injection of amino acid solutions has been tried in a
natient with an icterus of from 40 to 120, a history of
alcoholic liver intoxication with a low hip:rnri c acid
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test after he show~d some slight clinical improvement.
.n.t this stage, indefinite as it may be, the amino acids
were ta.ken satisfactorily With no reaction.
It is further stated that 3.3~ amigen may be given
by a process of hyperder~oclysis day after day even with
a very toxic liver, for the absorbtion here is less
rapid even than that through the gastrointestinal tract •
( 25)

The administration of intravenous amino acids can be
given patient3, generally without significant reactions ,
and the nitrogen balance may be maintained .

However,

there are several adjuncts to this method of therapy which
will cause its mo re uniform success in these matters.
Such is the appl ication of the well known protein-sparing
action of glucose .

If glucose is given simultaneously

with the amino acid, the body will use the injected glucose for immediate energy, allowing the amino acid to be
used by the body in replace~ent of daily nitrogen needs
and reuarative processes following operations or dehabilitation.

C. E. Gardner, Jr. and J. C. Trent, advocate

using a ratio of glucose to protein of not less than seven
to three by weight, and even larger if glucose is the
only so.urce _of energy.

This regime must be increased up

to four times the usual amount in febrile cases, with no
change in glucose-protein ratio, for here energy and pro-
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tein stores are being depleted many more times as rapid
as a.t b~sal levels.

ThiE protein basal level has been

determined to be about 0.5 grams of protein per kilogram
of body weight daily.

Such a diet as fed by the above

authors consisted of glucose in amounts of 140 grams, 10
milligrams of Vitamin B , 100 milligrams of Vitamin C,
1
25 milligrams of nicotinic acid, 60 grams of amino acids,
(in the form of Amigen) which gave a total nitrogen intake
of 7.2 grams .

This solution was administered quickly by

gravity through a 20 gauge needle, at about the r ate of
one liter in 60 minutes .

These authors injected the

solution at rates above those generally p rescribed, but
got away with few if any reactions, none of a serious
nature.

e with any continous intravenous therapy, the

vein eventually becomes thrombosed.

~ith this adminis-

tration, nitro gen balance was easily a ttained if excessive
tiseue destruction had not preceded it.

Immediate post-

operative pat i ents and those with a febrile couJlte showed
large urinary nitrogen excretions, which accounted for the
difficulty in attaining nitrogen balance in these patients.

This fact has been noted by numerous authors.

The loss of amino acids nitrogen in the urine was minimal,
equalling only 163 milligrams with the adminietration of
7.2 grams of amino acid nitrogen.

(24)

lman, et.al., in 1940 first administered amino ac ids
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to a hypoprotenemic patient intravenously.

He was interest-

ed at this ti me in the comparative results on the hypoprotenemi c of therapy consisting of amino acids administered orally compared with intravenous administration.
Orally he was ab le to raise the nrotein level of the blood
14.1, above the depleted level, while intravenous absorb-

tion raised it 18.7% above the depleted level.

The per-

centage of nitrogen retained of the amount administered
varied but little when oral and intravenous methods were
compared, the exact percentages being 56% and 54% respectively.

Large amounts of protein i.e. 4 grams per kilo-

gram, were needed for this effect on hypoproteinemia.
(6)

The sub-cutaneous methop takes large dilute quantities of rolution, since isotonicity or hypotonicity must
be maintained.

also, as Elman and Weiner state in the

presence of tissue edema, this absorbtion will be delayed
by various degrees.
In Elmans paper of 1939, the subject of rectal &limentation was again touched upon, and it was that authorities opinion that this route was subject to the vagaries
of colonic absorption, and as such, this method was not
suitable for this absorption varied considerably.· Elman
and :- einer touched also upon other types of nitrogen
alimentation.

They stated that whereas the gaetro-intest-

inal route caused the nitrogen foodstuffs to enter the
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body at the physiological rate, it was all immediately
shunted into the liver by the portal vein, whereas
intravenous administration of the same substances will
reach the other body tissue as soon as, or earlier than
it will re_ach the liver tissue.

This second route may

allow for more rapid body assimilation as it is believed
that the body tissues act as a store-house for aminoacids until the liver is ready to deaminize them.

Also this

probably lends to the reactions observed by the second
route whereas the first, or oral, route never has reactions,
for here nothing but the ar.iino-acids enter the body, whereas the intravenous allows for more rapid, perhaps too
rapid, assimilation, and in addition allows dipeptide and
higher polypeptide to enter the system.

(5)

study has been made to determine the absorbtion
of Amigen from the unper 60 centimeters of the jejunum
of humans by means of a Miller - ~bbott intubation.

It

was interesting to note that no matter what concentration
was originally administered, after one half hour the concentration was diluted to a nitrogen concentration of 2
milligram percent .

If this loop 6f intestine was closed

by means of a second Miller - Abbott tube placed at the
upper end of the loop, this physiological adjustment did
not occur with any regularity.

In the open loop technique

the amount of nitrogen absorbed from the intestine varied
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with the concentration of the material administered.

The

percent of absorbtion in a 5% mixture equalled 98%, while
15% mixtures were absorbed to a degree of 72%,.

lOfc so 1-

ut ions were absorbed at about an eoual rate with the 15
~

percent solutions.
Coci 1 s law for intestinal absorption states that the
percent of absorption is independent of the quantity
introduced, but it varied directly with concentration,
time allowed, and length of bowel used .

However, in these

tests it was shoWn that up to 10% the absorp t ion was most
rapid, beyond this concentration the solution is not
physiological and needs dilution for absorption .

In the

open loop one has the advantage of gastric, nancreatic
and biliary secretions for dilution, While in the closed
loop the intestinal secretions alone are present for dilution, and this doesn't suffice alone.

Poor absorp~ion

with resultant nutritional deficiencies is seen in mu~tiple intestinal stenosis and short circuiting of the
bowel .

Following cases of sprue abnormal intestinal mus-

cosal patterns are often demonstrable by means of the
X-ray, of ten with decreased absorbt ion accompanying.

This

is also true in patierite With ulcerative coiitis and
regional entero-colitis, and dietary deficiencies aupear
in spite of adequate dietary intake.

Some consider that

hypermotility may be one of the eesential features in these
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conditions, but in any c ase Amigen therapy may well be
considered for various therapeutic benefits ae will be
outlined later.

(44)

1tshuler, Hensel, and Sahyun note two attempts at
administration of nitrogenous foodstuffs by means of the
rectal route, obviously not parenteral administration,
yet obviating the need of oral inges tion.

The first re-

po rt is that of Abderhalden, that great German research
physiologist and chemist, Who in 1909 was able to maintain
nitrogen balance by the aqministration of digested lean
beef rectally.

The second reference was to the work of

McClendon , Cavett and Johnson who were able also to maintain nitrogen balance by the exclusive use of pure amino
acids taken rectally.

(2)

(64)

(70)

Intravenous and oral feedings of amino acid s:S lutions
are generally the only method of administration considered, but work has been done on the pe ritoneal inj eotion of
the a cid hydrolysate of casein, with glucose added to the
solution.

This solution did not maintain the weight of the

rabbits used.

With the addition of tryptophane to the

solution, the loss of weight was slower, and the addition
of Vitamin A lengthened the per iod without weight loss,
but this weight loss eventually took place .

control

was run with the injection of glucose alone into the
peritoneal cavity, and it was here that the earliest and
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greatest weight loss was noted .

( 63)

ectal administration of a pre-digested meat product
was atte:npted as ·e arly as 1~12, but as has been seen by
numerous investigations, this method is subject to the
vagaries of colonic irritations and secretions .

(1)
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INDICATION
,ii th what type of patient do we find the need for the
administration of a preparation of accessible ar.iino acids
as are found in a hydrolyzed case in product.

';'/ e may get

our basic indications from the advertising booklet distributed with the Stearns nroduct

II

P ARENAMINE 11

•

Broadly,

it is indicated when there ie an actual or threatened
protein malnutrition.

It is a food and is offered as

a substitute for protein feeding when the patient is unable
to supply sufficient proteins by eating or is unable to
utilize the protein that he does eat.

The product is merely

a digested protein Which is in a easily assimilated form,
so the problem really revolves around the need for prote in
therapy.

It is wise to point out that it is much easier

to prevent prote in and other nutritional deficiencies
than to attempt to correct them once they have developed.
These are the conditions Which are very often responsible
for the develoument of such a state in the body -- 1.
Inadequa te urotein intake, as ·a result of economic conditions, special diets, distunbances of the gastro-intestinal tract, etc.; 2.

increased protein demand, as in

rapid_growth, pregnancy , lactation, hypermetabolic states,
etc; 3.

increased protein loss, as in heroorrhage, serum

exudation, prote inuri a , and the high urinary nitrogen
excretion often associated with trauma, operation, febrile
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~tates, burns, and certain endocrine disturbances; and
4.

impaired protein formation within the body, as in

infection and liver injury.

The possibility of the use

of a casein hydrolysate should be taken under consideration
therefore whenever any of the following conditions are
observed:

Edema - Delayed Healing - Loss of Body Fluids -

Diseases of the Gastrointestinal Tract - Allergy - Cirrhosis and Other Liver Disease - Hypochromic Anemia Pregnancy - Nephrosis -- Hypermetabolic States--.
Specifically, we may consider this therapy With certain
conditions.

Shock for example.

Elman noted that a fatal

surgical shock from repeated heroorrhage could be warded
off for a longer period of time with administration of
hydrolyzed casein than with an equal dextrose solution.
Pure, crystalline amino acids showed a similar but less
pronounced effect , perhaps because of the polypeptides
present in the hydrolysate , or perhaps due to the different ratio of the amino acids.

This statement does not mean

to presuupose that such an amino acid solution would prove
more beneficial than serum or whole blood injection, and
such a comparison is not made.

(51)

In diseases of the gastro-intestinal tract . - The
intravenous administration of necessary nutriments will
allow the gut to be put at absolute rest, thus allowing
reuarative processes to proceed at the most rapid rate
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nossible .

Also the relief from edema may allow the gut

to absorb foods and thus break a vicious circle where
decreased nutrition wae causing edema of the gut and
decreased absorbtion, which increased the edema.

Pyioric

stenosis was often on the basis of edema alone.

Elman

brings out these points in the J.A.M.A. in 1939.

(12)

In wound healing. - It is known that there is a general relationship between low serum protein levels and
wound dehi scence.

·Either condition may be seen without

the other, but because of the prevalence of the conditions
occurring together, high nitrogen intake should be a
prophylactic measure before surgery in hypoproteinemic
patients .

It is obvious that edema in a healing wound

would not allow adequate approximation and circulation
in the area, which could allow slow wound healing, or
actual dehiscence.

Jones and Eaton (19) name some of

the ure-operati ve conditions which may lead to low serum
proteins i.e., vomiting, loss of appetite, malignancy,
obstruction, general effect of sepsis, hemorrhage or
serum exudation, etc.

Ravdin also noints out that (20)

the tensile strength of absorbable catgut is rapidly reduced in hypoproteinemic cases, though this may be due in
part to increased infection at the wound site.

In anemias,

it has been pointed out that haemoglobin forn~tion can
be limited by the rate of protein intake.

(26) ('16) (~7) (65)

61
Liver damage. - Through biliary obstruction , Ravdin
et al . have shown that the liver Will rapidly increase
its fat content, which tends to make the liver more susceptible to various hcuatotoxins euch as the volatile
anesthetics .

A high carbohydrate diet will reduce the

amount of fat, while a high carbohydrate and high protein diet will do it twice as fast.

Adequate calories are

essential, but all fats are contraindicated.

(39)

llergys. - Hill (22) mentions the allergic eczema
to milk developed by some babies .

This might easily be

combated by a milk-free diet it if didn't cause such a
severe diarrhea.

He suggests amino acids as a non-

allergenic food in such cases, but mentions only brewers'
yeast as a source of amino acids .

(66)

Nhen one sneaks of low amino acids in the body, the
nephrotic syndrome may come immediately to mind.

Would

it be possible to alleviate the hypoaminoacidemia and
perhaus shorten the course of the disease by injecting
casein hydrolysates.

In a test on ten such cases, it was

found that the nitrogen was well assimilated and could
suuplement the oral nitrogen, but consistent rises in the
plasma amino acids or proteins were not found.

Although

the injections were well tolerated, there was no shortening
of the course of the disease, lessening of the severity,
or imorove~ent of the prognoeis .

Orally, the maximum
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assimilation of protein comes to around 3 grams daily, but
this figure can be raised to 5 grams daily when intravenous nitrogen is included.

Farr noted the same results,

and added that urea clearance was increased for long periods of time following the injections.

(67)

(68)

As to nephritis in general. - Thorn, in his Shattuck
Lecture in May of 1943, brought out the point that nephritis should be treated symptomatically, and not according
to the pathological diagnosis .

As to the symptoms of

lowered serum albumin , the best treatment was to replace
the serum.

But serum albumin is very difficult to get

as yet, and large quantities are needed.

This does not

say that intravenous amino acids won't maintain nitrogen
balance and eventually restore the albumin globulin ratio,
but not immediately.

At least it doesn't have to be

absorbed by an edema tous gastrointestinal tract.

Elevated

blood urea levels counter-indicate high protein levels.
(70)

Consider hemorrhage . - Gra nted that replacement therapy is the best possible, this might be impossible due to
the amount of hemorrhage, the availability of blood, or
perhaps the cost of blood .

Elman has noted that serum

nrotein regeneration went on at a rate three times as fast
when a glucose and amino acid diet was used than when
glucose alone was given .

Clinical observations on ·patients
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unable to take nroteins by mouth have given similar results.

(14)

Burns may be mentioned also .

As is generally known

there is a great amount of prote_in destruction seen in
severe burns, and the urinary nitrogen excretion mirrors
this by a sudden and sustained rise.

Thus the importance

of a high protein intake in the treatment of burns is
emohasized, not only to replace loss of plasma protein
ue r se, but also to
in the urine.

cover the tremendous loss of nitrogen

The exudation of plasma proteins is always

large, and ie reflected by a lowering of the albuminglobulin ratio.

(61)

Used as a post-operative medicat ion.- The maintenance of nitrogen balance has been achieved post-operat ively
with the administration of amino uc ids as the only nitrogen source in afebrile p~tients .

Excessive tissue

destruction and patients immedi ately post-operat ive made
nitrogen balance difficult.

In these conditions nitrogen

amounting to four times the basal (0.5 X 4
amounts were needed.

= 2.0 Grams)

Thus we can see the possib ility for

the use of amino acids at a supplement to oral feedings.
·rt is emnhasized that glucose, in a ratio of 7j3 to the
prote in intake, must be maintained for the protein sparing
a ction of glucose, and this ratio may be increased if the
glucoee is the only source of ·energy .

(24)
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Elman has mentioned the

II

toxic destruction of pro-

teins" after serious operations with the resultant loss of
large amounts of urinary nitrogen, and urges the replacement of this loss with adequate nitrogen intake.
11

He says

Olini cal improvement was always related to partial or

complete re11lacement of this nitrogen loss. 11

Ravdin,

in the conclusion of his article on hypoproteinemia in
surgery, says "Protein deficiencies may be of serious
significance in surgical patients.

The reduction of the

plasma nroteins, both in concentration and in total amounts ,
frequently is associated with a reduction in the amount of
,rcteins stored in certain viscera.

A reduction in the

concentration and total amounts of the plasma nrotein as
well as the so called "labile stores" of body protein may
result in the failure of a newly formed gastroenteric or
intestinal anastomosis to function nroperly, in impairment of normal fibroblastic proliferation and to increased
susceutibility of certain viscera to dB.L1lc.~ge by hepatotoxic
agente . 11

The auestion is raised concerning the usefulness

of additional protein assimilation in the normal postoperative patient who entered the operative procedure well
nourished 2nd who may or may not eat full meals postoperatively. Is the post-operctive period enough hastened
or ~moothed to warrant the use of amino acids intravenously
with its accompanying discomfort.

Clinical iMpressions
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alone can a..11.swer this question, _as certc.:in as-oects are
not cauable of evaluation in numerical terms.

(7) (69)

Eonps and Campbell of the University of Ohio go into
the effects of hypoproteinemia quite broadly.

They state

that the regener a tion of ti ssue is effected both qualit~tively and quantitatively by the condition of hypoproteinemia.

It also predisposes the liver to injury

by toxins and it seriously interferes with the synthesis
of antibody globulin; it is en imnortant cause of wound
dehiscence.

Proteins helry the liver in detoxification

and thus ryrotects the liver for such toxins as chloroform
nd are-nhe.namine .

The statement that resistance to

infection is increased is a lso made .

Landesman and

;7e instein also mention the use of high nitrogen diets
in liver damage, hep atitis, and prolonged obstructive
j aundice.

(27)

(1)

Farr stated that the indications for the use of intravenous amino acids may be grouped into three categories.
1.

Positive, when the pa tient is unable to take anything

by mouth and immediate improvement in his nutritional
status is imperative.

2.

Probable, when the patient is

severely malnourished, unable to take sufficient food by
mouth and ranid improvement is necessary, 3. · Presumptive,
when severe plasma hypoaminoacidemia can be demonstrated.
He again brings out the fact that although nephrotic child-
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ren have a demonstrable hypoaminoacidemia, it responds
to amino acid therauy only temporarily.

Clinically,

however, it aided greatly in cases of nephrosie complicated by blood stream infections.

The relationship

of hypoaminoacidemia to pneumococcus pneumonia , being
similar to the nephrotic syndrome, as both rise upon cure,
might indiccte the need of intravenous amino acid therapy
in pneumoni c cases .

This was not checked by the author,

but is worthy of investigation.

(71)

egarding again the use of intr avenous amino acid as
a supnlement to a regular diet in the normal post-oper&tive
patient in order to smooth and hurry his post-operative
course, its use has been contemplated.

It is merely a

decision as to whether the cost and discomfort of the
injection is worth the results obtained.

In the opinion

of this author there is little if any need for this as a
supplement in the normal post-operative patient , for intake and body stores should be more than enough to provide the patient wi~h all the material needed fot repair.
If, however, a need or indication arises, as outlined in
this paper, suuplementation is definitely indicated.

This

is especially true in the otherwise normal post-operative
patient who has had gastric or bowel work done and edema
or motility of the gut is not de sired.
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CONTRA IND ICaT IONS

apparently there is no process in medicine that can
be used without taking precautions or without finding some
poor side effects.

This is quite true also of the use

of amino acids parenterally and we shall list some of
them now.

Also all contentions as to the ouposite view,

whenever there ie an argument, shall be set down.
In subcutaneous administration, the solution must
be given in concentrations that are hypotonic
to the body
-

-

tissue in order for absorbtion to take place.

Thus, large

quantities of solution must be administered if adequate
amounts of the amino acids are to be absorbed

In many

hypoproteinemic patients a condition of edema exists which
most certainly would stop any subcutaneous absorbtion.

(5)

It has been said that the amino acid ro lutions have
a definite sclerosing action on the intima of the veins
used for the administration of the solution.

s exper-

iments have shown, however, this is just as true for isotonic glucose solutions if administered over,a long period
of time .

Further work has ehown that phlebitic reactions

depend upon the pH and the concentration of the solution,
and

the caliber of the vessel in relation to the caliber

of the needle.
and 3.0%.

An isotonic solution lies between 2 . 7%

(62)

.One author stated that an absolute contraindication
•

68

was icterus or marked liver damage as discovered by appropr i ate liver tests.

This statement had an immediate

rebuttal in a discussion at the end of the paper , in
whi ch several cases were cited.

vii th icterus index of

40 to 120 in an alcoholic liver with a low hippuric acid
excretion test, the patient was given amino acids after
only slight clinical improvement had occurred, and no
reactions were noted .

It is stated that even with bad

livers, 3.3% Amigen solution by hypodermoclysis can be
tolerated day after day.

(25)

Some authors state that

hepatitis and prolonged obstructive jaundice are indications.

(1)
VanSlyke, in 1913, wrote on the livers' power of

deamination, and said that if the injection of amino acids
was too rauid, or the liver was sufficiently damaged, the
kidneys would attempt to help out by excreting the unchanged amino acids, and further_, that death could intervene if these methods of ridding the body of the excess
amino acids were overtaxed.

(71)

another etudy has been made to determine to just
'

what extent liver disease contraindicated intravenous
amino acid therapy.

Six patients with severe liver dis-

ease were put on amino acid therapy, and in all only trivial amount of the amino acids were found in the urine,
even after excessively rapid admini stration.

Total urin-
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a:ry nitrog~n remained large, which probably indicates that
the severely damaged 11 ver still retains the power of
deamination.

Blood chemistry in both groups of livers,

damaged and undamaged, va:ried but little one from another
as far as N.P . N. levels after injection, seru~ amino
acids following injection, and alkaline reserve were concerned.

In neither group were any untoward clinical ef-

fects noted.

(72)

The high hydrogen ion concentration of this solution
of acids might easily lend to a condition of acidosis
if the liver does not function adequately.

(27)

Liver

function would need be greatly impaired (90%) before this
could occur.

s to the occurrence of reactions when casein

digest or amino acids are administered, there is no doubt
that they are contraindications, and include such symptoms
as nausea, vomiting, chills, fever, convulsion , rash, pain
in the unper right quadrant , and phlebitis with edema.
(11) (27) (58) (73).

One group of authors attempted to

explain the reactions when casein hydrolysates were used
upon the presence of histamine-like substances, peptones ,
or tyramine, (27) but these same reactions have been obserbed with the administration of crystalline amino acids.
(8) ~11 authors will agree that the reactions usually
abate if the injection is slowed, and always stops with
discontinuance of the injection.

It has been noted that
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refinement in technique in the production of the casein
hydrolysate in recent years has resulted in a better product which gives fewer reactions .

(11)

Some definite contraindications to amino acid therapy
are these:

persistent rise in the blood urea level, which

would show a decreased function of the kidney.

Such a

condition contraindicates any high protein therapy.

(74)

If the ·uatient exhibits signs of uncompensated cardiac
disease in which any fluid therauy is contraindicated,
amino acid solutions are also taboo.

If the powder is

allowed to be exposed to the air too long before dissolving, it often cakes into a mass which is difficult to
dissolve.

If , after dissolving into solution, the solution

appears cloudy, injection is contraindicated, ae there is
either the presence in solution of particles too laxge to
admit to the blood stream, or there ic contamination with
bacteria or other noxious agent.
clear for injection.

( 1)

The solution should be
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SIT~D CASE
s has been said, and truly, the proof of the pudding
is in the e~ting.

Thus, if we can site cases reported by

other clinicians which have had succe8sful outcomes, we
are led to believe in the truth of the experimental evidence already sited.

long list of cases sited always

reassures an individual in the accentance of a new and
strange theraueutic routine.

Those charged with respon-

sibility are, happily, like sheep, and will follow only
when the way is proven .

Following is a list of case

summaries with which we shall attempt to p rove our cause.
Hill has run a series of cases of unreported size in
which amino acids were given to babies that had proven
allergic to milk .

This diet proved to be non-allergenic.

(66)

itrogen balance studies of ten weeks duration have
been reported on ten children with the nephrotic syndrome.
Replacement of 33% to 57% of the dietary prote in nitrogen
with nitrogen furnished by casein hydrolysate given intravenously increased slightly the efficiency of nitrogen
utilization in these uatients and within this range of
subsitution indicated that casein hydrolysate comnletely
replaced dietary protein.

However, in spite of this

replacement, there was no indication that the therapy
helped shorten the couree or the sev~rity of the disease
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or favor the outcome .

Figures are given which indicate

that the maximum protein assimilat ion daily by mouth would
come to about 3.0 grams per kilogram, but with intravenous
adminiEtration preceding oral ingeetion, the ass imilation
goes up to 5.0 grams per kilogram daily.

(67)

Children of the age of 5 to 7 years were given five
grams of an amino acid mixture from casein hydrolyzed
by enzymes.

This test was done to determine whether the

amino acids were excreted or used by the children.
adverse reactions were reported.

No

(40 )

later communication from the same author reported
reactions experienced by nephrotic chilcren when amino
acid solutions were ~dministered too rapidly.

However,

slowed injections stopped all these reactions and the
children assimilatad the amino ac ids to a greater extent
than they did the equivalent amount of proteins fed orally.
(68)

Thirty nost-operat ive patients were given amino acids
~ith only minor reactions while nitrogen balance was maintained if fever and excessive tissue destruction were not
present .

The authors mentioned the occurrence of venous

thrombosis but thought it to be no worse than in normal
saline injections.
casein hydrolysate.

These autho rs were using amigen as the
(24)

Used orally on eight children by Hartmann both as a
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supplement and as the only n.i trogen compound administer ed ,
it was easy to maint ain nitrogen balance or even double
or triple nitrogen retention if the feedings were increased.
Intravenously the children had reactions frequently which
uuset all calculations .

(11)

Identical results were obtained by other authors in
children.

They compared the parenter al administration

· with the oral route and with a milk diet.

The intravenous

route had a greater percentage of retention, no loss in
the feces, but was limited in use by the reactions seen.
(28)

One author used six pat i ents with severe liver disease for injection of amino acids in order to determine
whether or not the procedure was contraindicated.

In

con13Jarison with results run on controls free of all liver
embarrassment, the toxic livers seemed to function perfectly and no reactions were seen.

( 72)

vV i th the parent er ally supplied amino acids as the only

nitrogen intake, 35 post-operative patients were kept in
nitrogen balance, although tissue destruction led to large
urinary outputs;

Reactions were seen only occasionally,

and this was urobab ly due to the material supplied at the
early date of this test.

(7)

,ie might compare the gradual improvement

in the prep-

arat ion of casein hydro lysate now put out with the earlier
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materials and thus hope to reach eventually a material
which may be administered rapidly without any symptoms
or reactions.

Also, there

see □ s

to be a predominance

of reactions in all reports involving the administration
of thie material to children.

This is one point against

the material that is not always brought_ out, and good
resulte obtain if the reactions do not interfere.
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CONCLUSIONS
In conclusion, let us see what we have found after
we neruse each section of this thesis.

The 'Introduction'

shows us only that we deal with one small aspect of medicine in this age, a problem that has lagged in comparison
with similar investigations.

The 'History' of the sub-

ject shows that work has gone on for a long neriod of time,
and names some of the milestones as they have been passed.
Studying the 'Chemistry and Physiology of Proteins'
.only shows that confusion and doubts are yet rife, even
though some of the basic phenomena are well established .
A

brief resume of nitrogen products in their relationship

to the body is given.

Truly this section is voluminous

and incom~letely covered, for it i£ a subject in itself,
but also the basis of this thesis.
Concerning

1

The Essential Amino acids', we find that

in general the ten essential amino acids are accepted as
named by Rose, i.e., tryptophane, lysine, histidine,
phenylalanine , leuoine, isoleucine, threonine, methionine,
valine, and arginine, but occasional investigators claim
that other amino acids should replace members of this list,
or sunplement them.

Cystine and tyro.sine are mentioned

l'!lOst often in this respect, and the low percent of cystine
(o. 3~'o) is noted .

The statement is made that, ideally, a

cystine supplement, running the total to not less than 1%,

•
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should be added, and

110

tryptophane should be added in

case of acid hydrolysis of the casein.
nhen com-on.ring

I

Casein Versus other Proteins I we find

that casein is highly regarded as a complete prote in.

How-

ever, it is excelled by other caseins, narJely beef serum,
egg whites, and lactalbumin in the regeneration of plasma
proteins, accord i ng to most authors .

Rose and Stare differ.

I s this regeneratioi a criteria of the efficiency of a protein?

lieech and Goettsch, as does Rose, look to a protein 1 s

ability to nroduce growth and reproduction and use the term
1

biolog ical value'.

Growth and se rum regeneration are

generally equal but have been seen to vary, yet injected
nlasma alone has been seen to maintain nitrogen balance.
an interesting spequlation as to whether the moeity of amino
acids of the body tissues in general correspond more clo se ly with the moeity of casein or of serum would tend to
the assumpt ion that the body uro tein amino acids simulate
most closely the serum amino acids .
' Preparation , Descrintion, and Administrat ion• needs
but little exnlanation beyond the tit le.

Under administrat-

ion we notice the reactions sometimes encountered, their
cause, effect, and cure.

Reactions are now decreasing in

number due to slower administration and the preparation
of a better product .

Vein occlusion is shown to depend

uuon pH and tonicity of the solution and upon the relative
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size of the vein and needle used.
Administration by hypodermoclysis for slow ingress to
obviate reactions in toxic liver cases was recommended.
Using glucose as an administration adjunct in a
glucose-protein ratio of 7/3 is advised .
Gastro-intestinal administration

a$

compared with

narenteral administration, shows less body assimilation
but fewer reactions.

Use to decrease the hypermotili ty

in sprue, ulcerative colitis, and regional entero-colitis
is advocated .

Vagaries of rectal assimilation cause us

to lose confidence in that route, but nitrogen balance has
been achieved here .

Peritoneal injections have been tried

unsuccessfully on rabbits.
Under 'Indications', its advantageous use was shown
in wound healing, liver damage, allergys, burns , post
operative course, anemia, and disease of the gastrointestinal tract in order to rest the gut.

Its use is also seen,

not as advantageously, in nephrosis and nephritis and
hemorrhage, and its lack of any indication in shock .
Administration has been shown to be •C~ntraindicated 1
subcutaneously if gross ede$a intervenes.

The possibility

of noor assimilation with liver damage is mentioned but
this fear is seldom realized.

eactions are a contrain-

dication, but this does not occur as frequently now, due
to better adminietration and preparation of the solutions.
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Rising nitrogen levels in the blood stream come under this
category, as does any disease in which excess fluids are
contraindicated.

Improperly prepared solutions are not

to be administered.
Under 'Cases Sited', cases are sited.
I n gene l'al:
Long study has developed the casein hydrolysatee
Which are complete protein foods chemically and physiologically acceptable when administered parenterally into
the body.

Better proteins might be found.

To combat

chronic hypo?roteinemia, there i ·s a use as a protein
suuulement, or alone if the need exists.
dications are found.

Few contrain-
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